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FOREWORD

This Final Report for the '"Study of Direct Versus Orbital
Encry for Mars Missions'" (NASA Contract NAS1-7976) is provided
in accordance with Part III A.4 of the contract schedule as
amended. The report is in six volumes as follows:

NASA CR-66659 Volume I Summary;

NASA CR-66660

Volume II - Parametric Studies, Final Analyses,
and Conceptual Designs;

NASA CR-66661

Volume III - Appendix A - Launch Vehicle
Performance and Flight Mechanics;

NASA CR-66662 - Volume IV - Appendix B - Entry and Terminal

Phase Performance Analysis;

NASA CR-66663 - Volume V - Appendix C - Entry Configuration

Analysis;

NASA CR~-66664

Volume VI - Appendix D - Subsystem Studies
and Parametric Data,
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FINAL REPORT
STUDY OF DIRECT VERSUS ORBITAL ENTRY FOR MARS MISSIONS
VOLUME II: PARAMETRIC STUDIES, FINAL ANALYSES, .AND CONCEPTUAL DESIGNS

By Raymond S. Wiltshire
Martin Marietta Corporation

SUMMARY

This report documents the results of all the work in the Study
of Direct versus Orbital Entry for Mars Missions. The contract
tasks were divided into two general parts:

Part I =~ Parametric studies of the problems associated with
the direct entry mode. Payload capability of a
wide range of capsules (500 to 10 000 1b) to be de-
termined and compared with data developed for the
out-of-orbit mode;

Part II - Refinement of selective representative capsules to-
gether with their conceptual design. Three concep-
tual designs were emphasized, covering a range of
capsule weights and including integration with a
launch vehicle. Three additional designs were car-
ried only to the point where Langley Research-Center
and Martin Marietta felt further study would not be
fruitful.

Mission analyses, considering launch vehicle ‘performance,
launch period selection, targeting capability, entry corridors,
terminal phase, and aerothermodynamics, were conducted.

The launch vehicles considered were Titan IIIC, Titan ILIIF/
Stretched Transtage, Titan IIIC/Centaur, and Titan IIIF /Centaur.
The basic launch capability has been evaluated as a function of
launch date and encounter date for each of the launch opportuni-
ties (1973, 1975, and 1977) for both Type I and Type II transfers.
The 30-day launch periods that optimize launch vehicle perform-
ance have been identified. Orbiters weighing 600 and 900 1b were
investigated in orbits of 1000x15 000 and 1000x33 070 km to deter-
mine allowable flight capsule weights.



The Titan ITIIC/Centaur launch vehicle is required for either
mission mode when an orbiter science capability is desired.

Targeting capability and landing footprint size were deter-
mined for each mission mode. The targeting capability is the same
in either mission mode when considering only flight profile con-
straints. However, superimposing any time or orientation con-
straints decreases the direct mode landing site selection flexi-
bility. For example, if multistation tracking is required at en-
counter, the achievable longitudes are limited in the direct mode.
The orbit mode allows selection of orbits more desirable from an
orbiting science mission viewpoint without compromising the land-
ing site selection. The accuracy analysis shows smaller entry
dispersions and landing footprints for the orbit mode.

The terminal phase systems considered included subsonic para-
chute plus vernier, tuckback ballute plus vernier, all retropro-
pulsion, and two-burn propulsion with and without a parachute.

The Mach 2 parachute is the most efficient from a weight stand-
point, while the ballutes are favored from the aeroshell diameter
standpoint. The Mach 2 parachute is preferred on the basis of
more straightforward packaging and release considerations. A
bulbous shroud is definitely required for direct mode, and is
probably required for the out-of-orbit mode when providing margin.

For a 500- to 650-1b landed equipment weight (845- to 950-1b
useful landed weight) configuration having approximately the same
coast time and communication range, the mission mode choice has a
negligible effect on the science, telecommunication, power, pro-
pulsion, and thermal control subsystems.

The out-of-orbit mode provides more in-flight mission flexi-
bility than the direct mode by providing site survey prior to
separation, opportunity to correct malfunctions prior to separa-
tion from the orbiter, targeting change capability, and higher
landed weights within a given aeroshell diameter. The out-of-
orbit mode avoids severdl problems of the direct mode resulting
from more severe entry environment (acceleration, heating rate),
approach guidance instruments required on orbiter, and a more
rapid sequence of events.




INTRODUCTION

The present study was conceived to provide data as a basis
for judgment as to whether the direct entry or out-of-orbit mis-
sion modes should be used for Mars landing missions. This study
is based on the Titan III family of launch vehicles. The basis
for conducting the study was to draw heavily on the Voyager Phase
B study in providing parametric data for the out-of-orbit mode.

Specifically, the objectives of the present study were to
(1) obtain data on the net science payload weight available for
capsules utilizing the direct mode, and (2) evaluate the capsule
mode, direct and out-of-orbit, for soft lander missions. The
Martin Marietta study is believed to be in complete response to
the requirements established by Langley Research Center, National
Aeronautics and Space Administration. Specifically the study
has:

1) Completed the Part I mission analysis and profiles
and capsule analytical studies;

2) Developed the Part II final analyses and conceptual
designs relating to the mission definition, flight
capsule, and spacecraft/launch vehicle integration;

3) Conducted the other mission, system, and subsystem
investigations required by the contract;

4) Selected a recommended mission mode and configuration
from the conceptual designs that best satisfy the
study objectives, guidelines, and constraints and em-
phasizes the availability for the 1973 launch oppor-
tunity.

Performance data have been generated for the Titan IIIC, Titan
I1IF/Stretched Transtage, Titan IIIC/Centaur, and Titan IIIF/Cen-
taur. The entry corridor and landing site footprint have been
analyzed. Parametric analyses were also conducted in mission de-
sign areas to determine the effect of mission mode choice on tar-
geting, deorbit/deflection velocity increment, entry flightpath
angle, required aeroshell ballistic coefficient, parachute size,
parachute deployment altitude, time on parachute, required ver-
nier ignition altitude, and landing terrain height.

Parametric analyses were made on each of the capsule subsys-
tems over the range necessary to accommodate 500- to 10 000-1b
flight capsule weights. 1In addition to developing parametric
weight equations, different design approaches were investigated.



The parametric analyses are summarized in Part I of this vol-
ume and are discussed in more detail in the appendixes.

Based on the Part I parametric analysis, three point designs
were selected by Langley Research Center to be further defined in

the Part II final analysis and conceptual designs.

shown in table 1.

TABLE 1.- PART II POINT DESIGNS

These are

1 2 3
2A 2B 2C (autonomous)
Landed equipment
weight, 1b 500 to 600 ~«—— 500 to 600 =————r 1200 to 1500
Useful landed
weight, 1b 845 ~———1 914 to 950 +——— 1600- to 1900
Capsule system
weight, 1b 1500 to 1700 1900 to 2000 2100 4000
Mission mode Orbital Direct (Orbital S/C) Direct Orbital
Aeroshell Diam- 11.5
eter, ft 8.5 10.75 11 12 to 15
Entry flightpath
angle, YE> deg 18 24 24 24 18
Spacecraft 950-1b 950-1b 600-1b Auto- 950-1b
Mariner Mariner Mariner capsule Mariner
Launch vehicle Titan ITIC/ | Titan IIIC/ |Titan IIIF/ Titan IIIC Titan IIIC/
Centaur Centaur St., Trans., Centaur
Surface lifetime >2 days ~— > days =—f————— > 6 months

Configuration 1 (since designated 1A), using the out-of-orbit
mission mode, fits within the existing Titan III shroud and re-

quires the Titan IIIC/Centaur launch vehicle.

The 500~

to 600-1b

landed equipment weight is the minimum required to meet the study

goals of science, data, and lifetime.

Solar array/battery power

is used on the configuration with an expected lifetime greater
than two days.

Configurations 2A and 2B are for a direct entry of the capsule
with the orbiter being placed into orbit following landing of the

capsule.




The autonomous (2C) capsule varies significantly from the
previous configuration because of its additional orbiter role.
It has the advantage of requiring the smallest launch vehicle,
but has several serious shortcomings in satisfying this mission.

Configuration 3 is representative of later mission capsules
using the out-of-orbit mode. Its 1200- to 1500-1b landing weight
represents a significant increase in science capability and life-
time. The Titan IIIC/Centaur with a bulbous shroud is required
to accommodate this configuration.

As a result of the second oral progress report given at Lang-
ley Research Center, May 28, 1968, the emphasis of the conceptual
designs was modified to replace Configuration 2C with a new Con-
figuration 1B and eliminate Configuration 2B. Configuration 1B
is a 500- to 600-1b landed equipment weight and out-of-orbit mode,
with the aeroshell diameter sufficiently increased over that of
Configuration 1A to provide weight and operational margins. Guide-
lines include a nominal entry ballistic coefficient of 0.35, para-
chute deployment at 20 000 ft above terrain, and an assumption of
zero terrain elevations. This results in system comparisons be-
tween Configuration 1A (previously 1), 1B, and 2A.

Configurations 2C (autonomous) and 3 have been documented in

this report as they existed when we, with Langley Research Center's
concurrence, stopped that portion of the study.

SYMBOLS AND ABBREVIATIONS

A aerodynamic reference area, square feet;
pre-exponential constant, seconds™?t;
3x3 matrix relating planet-oriented axis with stability
-~ axis

a semimajor axis, kilometers;
slant length of cone extended to the apex

ACS attitude control system

AMO air mass zero

AMR altitude measuring radar

AV Avagardo's number, 6.02 x 10272 molecules/g mol



DEC
E’7e
BER
BF
BF(br)
bps
BS
BS(bs)(b)
BW

BW(br)

C(K)

Cp

acceleration along flightpath

ballistic coefficient, slugs/footZ;
activation energy, °R

impact parameter asymptote, kilometers

aerodecelerator ballistic coefficient, slugs/foot®

entry ballistic coefficient, slugs/foot2

bit error rate

flange width, inches

flange width on aeroshell intermediate frames
bits per second

frame spacing, inches

intermediate frame spacing on cone

web depth, inches

web depth on aeroshell intermediate frames
heat capacity, Btu/pound °F

drag coefficient

local instability coefficient

pressure coefficient
ablator specific heat, Btu/pound °R
vapor specific heat, Btu/pound °R

carth escape energy, kilometersZ/second”

one-half honeycomb core thickness




DAS

;-
-~
w

DEC
DLA
D/0
dp/ds
DSIF

DSS

G&CC

data automation system

diameter of aeroshell, feet
diameter of aerodecelerator, feet

declination of departure asymptote, degrees
deorbit

local pressure gradient, pound/inch® inch
Deep Space Instrumentation Facility

Deep Space Station

modulus of elasticity

orbit eccentricity; edge

energy of battery, watt-hours

effective radiated power

radiation intensity, watts/centimeter”

Eastern Test Range

thrust;
matrix of partial derivatives

volatile fraction of ablator

-

frequency shift keying

gravitational acceleration

universal gravitational constant, kilometer</second®
earth gravitational constant, 32.174 feet/second®
guidance and command control

altitude, feet



PIS

sp

kb

kbps

LAZ

LRM

entry altitude, 800 000 feet

periapsis altitude of orbiter, kilometers

terrain height, feet;
tropopause altitude

‘wall enthalpy, Btu/pound

recovery enthalpy, Btu/pound

moment of inertia of structure over a width b
orbiter inclination, degrees

orbiter inclination to plane normal to Earth/Mars line
of sight, degrees

specific impulse, seconds

optimal linear gain

thermal conductivity, Btu/hour foot °F;
ablator thermal conductivity, Btu/inch-second-°R

kilobits
kilobits per second

liquid;
slant length of cone

launch azimuth (ETR), degrees

heat of pyrolysis, Btu/pound

liquid rocket motor
Mach number;
Mars;

mass, slugs

total mass of entry vehicle




OSE

PC

mean molecular weight

mass of air containing m_
v

midcourse

mass loss rate of surface material, pounds/inch®-second

multiple frequency shift
multiple frequency shift keying
monomethylhydrazine

molecular weight

mixture ratio

mass of water vapor
pyrolysis vapor mass flow at x, pounds/inch®-second

load factor;
reaction order

th
number density for k  species

operational support equipment
pressure, pounds/footZ;
ambient pressure;

<pbower, watts;
covariance matrix of state vector
structural design pressure

time for battery charging

battery charging power, watts

final tank pressure



P initial tank pressure

i
P/L payload
PN pseudorandom noise
PRIME Precision Recovery including Maneuvering Entry
Pg 'source power, watts;
surface pressure;
stagnation pressure
PSK/PM phase shift keying/phase modulation
P, continuous power, watts
P, peak power, watts
PA power delta (peak power minus continuous power), watts
Q thermal energy, Btu,;
integrated heating, Btu/foot=
é heat rate, Btu/hour
q specific humidity;
random noise in measurement;
dynamic pressure
q heating rate, Btu/foot~-second
q. radiation heating rate, Btu/inch“-second
R radius of curvature;
local body radius, inches
R;R* universal gas constant, 8.3 x 107 erg/mol °K
r radius vector to point of transfer injection, kilometers;
distance from vehicle to planet center;
radius, feet
RB aeroshell base radius, inches
R rate of charge, hours




REJ ejection distance for direct mode, kilometers

RO base radius of nose cap

ro radius of planet

r radius vector to Mars-orbit periapsis;
P periapsis radius, kilometers

RTG radioisotope thermoelectric generator

Ry radius of Mars (3393 km)

S/C spacecraft

SFC squib firing circuit

SNR signal-to-noise ratio

SRM solid rocket motor

T ambient temperature, degrees

t time;

temperature, °R or °F;
nose cap thickness

t smear thickness of structure over a width b

t. coast time (from ejection/deorbit to entry), hours
tD ‘Fime of daylight

TDLR terminal descent and landing radar

TF frame thickness

TGA thermogravimetric analysis

tm monocoque skin thickness

T/M telemetry

tN time of night

11
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Ny

TITIC

TIIIF

VCO

VDA

HE

time of periapsis passage

skin thickness

stagnation temperature;
surface temperature

aeroshell skin thickness, inches

tropopause temperature
surface temperature

thrust-to-weight ratio

traveling wave tube

traveling wave tube amplifier

continuous power period, hours

peak power period, hours

Titan IIIC

Titan IIIF

. ) 1 dap , X

tangential velocity [T — dy + ( - p_ sin 6) = dx|,
. ! ds g b
inches/second

velocity, feet/second or kilofoot/second

speed along flightpath;
easterly component of horizontal velocity

voltage control oscillator
valve drive amplifiers

entry velocity, feet/second

Mars approach energy, kilometers/second;
hyperbolic excess velocity vector, kilometers/second




INJ

Yacs-E
YACS-F
W\/p-E
W\ /D-F

A/s

C/S

E/L
F/B

We/c-T

velocity required for Mars transfer injection,
kilometers/second

weight, pounds

northerly component of horizontal velocity;
argument of periapsis, degrees

spacecraft-to-capsule weight, pounds

ACS weight, expended, pounds

ACS weight, fixed, pounds
aerodecelerator weight, expended, pounds
aerodecelerator weight, fixed, pounds
aeroshell weight, pounds

backface shield weight, pounds

canister weight, pounds

capsule system weight, pounds

deorbit propulsion system (including propellant) weight,
pounds

deorbit structure weight, pounds

entry weight, pounds

adapter electrical weight, pounds

flyby spacecraft useful weight, pounds

terminal guidance weight, pounds

initial weight, pounds

13




14

PI

PIL

PY

S-A/S

s/C

weight after maneuver, pounds

sterilization canister weight, pounds;
landed weight, pounds

landed equipment weight, pounds

.lander structure weight, pounds

welght before maneuver, pounds

useful in-orbit orbiter weight, pounds
propellant weight, pounds

propulsion system unit weight, pounds
useful in-orbit weight, pounds
pyrotechnic control weight, pounds

capsule system weight, pounds;
propulsion module structural weight, pounds

weight of science in aeroshell, pounds
spacecraft weight, pounds
telecommunication cabling weight, pounds
terminal guidance system weight, pounds
thermal control weight, pounds

verniered weight, pounds

system weight at vernier ignition, pounds




AV

vernier propellant weight, expended, pounds
vernier propellant weight, fixed, pounds

state vector
length, feet

crossrange angle (from ejection/deorbit to entry),
degrees

measurement vector

angle of attack, degrees;
thermal absorptivity

capsule antenna aspect angle at entry, degrees
capsule angle of attack at entry, degrees

capsule antenna aspect angle at touchdown, degrees

entry location parameter (between entry point and orbit
periapsis measured positively opposite direction of
of motion), degrees;

sideslip angle, degrees

relative flightpath angle, degrees;
ratio of specific heats

flightpath angle relative to atmosphere, degrees

-

entry flightpath angle, degrees

declination of VHE with respect to the Martian equator,
degrees

heat of reaction, Btu/pound

velocity change;
velocity increment

15




16

AV,

AV
MIN.

AVEJ

AVOI

FM

deorbit impulse, meters/second

minimum deorbit impulse, meters/second

ejection impulse for direct mode, meters/second

‘Mars orbit insertion velocity increment, kilometers/

second

jettisoned weight, pounds

launch-vehicle payload increment, pounds

variation in entry location parameter, B, degrees

incremental velocity required for periapsis shift,
degrees

argument of periapsis shift at orbit insertion, degrees

Mars orbit eccentricity;
emissivity

—

angle between VHE and Mars-sun vector, degrees
battery charge acceptance efficiency

battery charger efficiency

diode efficiency

regulator efficiency

thrust vector angle, degrees;
time, Mars-days

true anomaly of deorbit, degrees

fading margin angle (between reflected signal from cap-
sule to surface to orbiter and local vertical at re-
flection point), degrees




X(x)

orbiter lead angle, degrees;
propellant weight
total weight

propulsion system mass fraction,

0 -
(x ~°
vp " Pchar

char

nondimensional density,

Poisson's ratio;
universal gravitational constant x mass;
melt viscosity, pound-seconds/inch®

gravitational parameter of Mars, 42 830 km /sec

density, slugs/foot”

capsule-to-orbiter communication distance at entry,
kilometers

net heat-transfer coefficient, pounds/inch®-second
. t .

mass density for k  species

density constant, 0.0025 slug/foot”

ablator virgin density, pounds/inch’

ablator density at x, pounds/inch3

standard deviation;
roll angle, degrees;
Stephan-Boltzmann constant, Btu/inch®-seconds °R

-

aerodynamic shear stress, pounds/inch®;
shear stress, pounds/foot®

o
central angle between VH and orbiter periapsis, degrees

E

ejection angle, degrees

downrange angle traversed from ejection/deorbit to
entry, degrees
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6

(o4

central angle from v to landing site, degrees

HE

right ascension of ascending node, degrees;

rotation rate of planet

1/2 included cone angle, degree

Subscripts:

A/S

B

Turb

aeroshell

base

convective

deployment conditions
decelerator

entry; entry conditions
final conditions
initial conditions
laminar

nose

radiative

solid;
stagnation point

terminal

turbulent

free-stream conditions
Earth

Mars

conditions behind normal

shock




PART I

PARAMETRIC STUDIES SUMMARY




1. MISSION ANALYSIS

The mission analysis discussion presented summarizes the para-
metric analyses of the launch vehicle performance, the launch pe-
riod selection, targeting analysis, error analysis, entry trajec-
tory analysis, terminal phase system comparisons, and aerothermo-
dynamic analysis. Most of the detailed data associated with these
analyses are presented in Appendix A, Launch Vehicle Performance
and Flight Mechanics; Appendix B, Entry and Terminal Phase Per-
formance Analysis; and Appendix C, Entry Configuration Analysis.

Objectives and Comnstraints

The objectives of these analyses were to evaluate the various
aspects of the Mars missions in the 1973 to 1977 period both from
the point of view of mission mode (i.e., direct mode or entry from
the approach trajectory, and orbit mode or entry from orbit), and
comparison of types of delivery systems. The delivery system
analysis includes launch vehicle selection at one end of the mis-
sion and the terminal phase system at the other end of the mission.
The launch vehicles considered are the Titan IIIC, Titan IIIF/
Stretched Transtage, Titan IIIC/Centaur, and Titan IIIF/Centaur.
Basic definitions of these vehicles are given in Appendix A. The
terminal phase systems considered include subsonic-type parachute
plus vernier, tuckback ballute plus vernier, all retropropulsion
landing system, and two-burn systems with a solid rocket motor
for braking prior to parachute or all-retro system deployment.

The range of variables defined for this analysis include:
1) Flight capsule system weights from 500 to 5000 1b

(orbit mode) and 500 to 10 000 1b (direct mode);

2) “Entry velocities up to 16 000 fps (orbit mode) and
24 000 fps (direct mode);

3) Entry flightpath angles up to -7, = 20° (orbit mode)

E
and -y_ = 38° (direct mode).

E

Other constraints imposed on the analysis are:

1) Maximum launch vehicle shroud diameter of 16 ft;

2) Orbit sizes of 1000x15 000 km (periapsis by apoapsis
altitude) and 1000x33 070 km;
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3) 1973, 1975, and 1977 launch opportunities, both Type 1
and Type IT transfers;

4) Landing sites near the equator and 30° from the (eve-
ning) terminator.

The shroud size limitation has been interpreted in this para-
metric analysis to limit the aeroshell diameter to approximately
15 ft for the hammerheaded 16-ft shroud. Aeroshell diameters
greater than 15 ft are obtained by deploying flaps or extendible
afterbodies.

The parametric analyses performed are summarized for the vari-
ous mission phases studied. The integration of these results into
a mission mode comparison follows the description of the paramet-
ric analyses. It must be understood that the mission mode compar-
ison presented in this section deals only with the parametric
analyses results. The influence of hardware design, development
status, etc. appear in subsequent sections of this report,

Summary of Parametric Analyses
The parametric analyses summarized are grouped into:

1) Launch vehicle capability;

2) Launch period selection and targeting analysis;

3) Entry corridor and landing footprints;

4) Entry trajectory and terminal phase system analysis;

5) Aerothermodynamic analysis.

Because so much data have been generated in each of these areas,
they are, for the most part, presented in Appendixes A, B, and C.
Only the more significant factors that enter into the mission
mode comparison are presented in this subsection.

Launch vehicle capability. - The launch vehicles considered
in this analysis are the Titan IIIC, Titan IIIF/Stretched Tran-
stage, Titan IIIC/Centaur, and Titan IIIF/Centaur. The Titan IIIC
vehicle corresponds to the Article 19 vehicle and includes 5-seg-
ment strap-on solid rocket motors. The Titan IIIF vehicle has
/-segment solid rocket motors and a stretched Stage I. A stretched
(tank) Transtage is assumed for the Titan IIIF/Stretched Transtage
configuration to allow the use of a circular Earth parking orbit.
The vehicle characteristics are defined in more detail in Appendix
A, section 1.




The basic launch vehicle capability has been evaluated as a
function of launch date and encounter date for each of the launch
opportunities (1973, 1975, and 1977) and for both Type I and Type
II (heliocentric) transfers. These data are given as allowable
cruise weight contours after midcourse correction. The data as-
sume a launch azimuth of 115° where launch azimuths of 90° to
115° are possible, and a required launch azimuth up to a minimum
limit of 45° for launch date/encounter date combinations requir-
ing launch azimuths that do not lie in the range from 90 to 115°.
An arbitrary midcourse AV capability is conservatively assumed
to be 75 m/sec. The data are corrected for spacecraft adapter
and shroud losses (defined in Appendix A).

From these data the 30-day launch periods that optimize launch
vehicle performance have been identified. The resultant optimum
launch vehicle performance is summarized in tables 2 and 3 for
the orbit and direct modes, respectively. The data shown have
been reduced to allowable capsule system weight for two sizes of
orbiter. Capsule system weight, as defined here, includes the
entry vehicle, deorbit/ejection module, capsule-to-orbiter adapter,
and sterilization canister. The two orbiter sizes identified in
these tables are 890 1b and 620 1b. This weight is useful orbiter
weight and does not include the orbit insertion motor dry weight.
Orbiter propulsion characteristics (propellant plus system weight)
are sized for the maximum requirement over the launch period.
Orbit propulsion system Isp = 309 seconds. Data for two orbit

eccentricities are also presented. The e = 0.785 corresponds to
the 1000x33 070-km orbit and the e - 0.614 corresponds to the
1000x15 000-km orbit.

The general characteristics exhibited in tables 2 and 3 are
that the 1973-I, 1975-1II, and 1977-1I1 opportunities maximize the
performance capability. The 1973-I1 capability is low because
of higher Earth departure energy requirements (Cz). The 1975-1
and 1977-1 opportunities require launch azimuths up to 45°.

The data shown in tables 2 and 3 are summarized in figures 1
and 2 for the 1973-I, 1975-I1, and 1977-I1 opportunities. These
data illustrate that the combination of launch vehicle, orbiter
size, and orbit selection can be selected for capsule system
weights from a few hundred pounds to over 5000 1b for the orbit
mode, and up to 10 000 1b for the direct mode. A final consider-
ation is the potential need for orbit positioning to improve the
targeting flexibility with the orbit mode (discussed below). This
possible requirement increases the orbit insertion AV with the
payload penalty shown in figure 3. This payload penalty is quite
small.

21



22

TABLE 2.- OPTIMUM CAPSULE SYSTEM WEIGHT FOR ENTRY FROM ORBIT, FIXED
SPACECRAFT, 30-DAY LAUNCH PERIOD

Mission Transfer | Orbit Capsule system weight (1b)*
opportunity | type eccentricity TIIIC TIIIF/T TIIIC/C TIIIF/C
1973 I 0.785 350/620 1010/1280 |3550/3820 |5060/5330
0.614 220/490 825/1095 |3140/3410 4530/4800
11 0.785 90 /360 630/900 2900/3170 |4170/4440
0.614 ---=/230 480/750 2550/2820 |3680/3950
1975 I 0.785 meefem==| ===--/230 1760/2030 |2650/2920
0.614 —eme )| --~-/110 1360/1630 [2210/2480
II 0.785 500/770 1180/1450 [3860/4130 5490/5760
0.614 360/630 985/1255 |3440/3710 4920/5190
1977 I 0.785 T Al T /---- 11830/2100 2830/3100
0.614 R VAT B /---- 11420/1690 2260/2530
11 0.785 850/1120 | 1620/1890 |4600/4870 6440/6710
0.614 680/950 1370/1640 |4110/4380 5820/6090

*890-1b orbiter/620-1b orbiter.

TABLE 3.- OPTIMUM DIRECT ENTRY CAPSULE SYSTEM WEIGHT, FIXED ORBITER

PROPULSION, 30-DAY LAUNCH PERIOD

. . Capsule system weight (1lb)¥
Mission Transfer| Orbit
opportunity | type eccentricity TIIIC TIIIF/T TIIIC/C TIIIF/C
1973 I 0.785 450/940 1570/2060 |5920/6390 |8590/9060
0.614 270/790 1390/1910 |5740/6250 |8340/8840
II 0.785 125/660 1235/1765 |5590/6110 |8235/8775
0.614 ----/500 1050/1610 |5410/5960 |7985/8535
1975 I 0.785 ceee/em=—| =---/450 [4210/4770 [6490/7080
0.614 ceee)mme=| =---/270 |3880/4570 |6250/6920
I1 0.785 750/1210| 1870/2340 |6220/6670 |8870/9310
0.614 560/1070| 1690/2190 |6040/6525 |8690/9190
1977 1 0.785 R 80/630 |4360/4920 |6630/7180
0.614 meee/emee| —===/470 |4170/4750 |6420/7030
11 0.785 1280/1700) 2570/2910 | 6790/7220 | 9580/10 000
0.614 1100/1575{ 2300/2770 | 6640/7090 | 9420/9910

%890-1b orbiter/620-1b orbiter.
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The analyses presented in the following subsections derive the
required payload capabilities for the various landed science com-
plements and mission modes. It soon becomes apparent that the
Titan ITIIC and Titan IIIF/Stretched Transtage capabilities are
too low and that the Titan IIIC/Centaur is the only launch vehicle
that satisfies both the orbit and direct mode missions.

Launch period selection and targeting analysis. - The launch
vehicle analysis just summarized was based on the selection of a
30-day launch period (launch date/encounter date combinations)
that maximized launch vehicle capability. However, variations in
launch date/encounter date combinations are directly reflected in
variations in approach trajectory geometry and, ultimately, in
targeting capability. Thus, the launch period selection must be
a compromise between launch vehicle performance, capsule landed
science, and orbiter science. The factors involved in this trade-
off are summarized here and discussed in more detail in Appendix
A, section 2.

The first factor involved in the targeting analysis is the def-
inition of possible landing areas relative to the approach trajec-
tory (direct mode) or orbit (orbit mode). The parameters used
throughout this analysis are illustrated in figure 4. The target-
ing parameter 3 defines the entry point relative to the subperi-
apsis point of the approach trajectory (direct mode) or orbit
(orbit mode). The spacecraft lecad angle A defines the orbiter
position relative to the capsule at the time of entry. The 8
can be varied by adjusting the deorbit/ejection AV or entry
flightpath angle. The lead angle A can be adjusted by deorbit/
ejection AV and firing angle.

For the direct mode, the parametric ejection analysis in Ap-
pendix A, section 2 shows that the achievable |3 are directly a

function of entry flightpath angle g This relationship (for

ejection distance greater than 50 000 km) is summarized

ejec
in figure 5. The fact that landed payload for Martian entries is
highly sensitive to entry flightpath angle (discussed in the fol-
lowing subsection) makes it difficult to use yp as a targeting

parameter to obtain flexibility. A representative A variation

with AVejeC and firing angle 1 1is shown in figure 6. For

large Reje" T can be varied over a wide range. However, the
¢

entry flightpath angle dispersions due to maneuver pointing un-

certainty are also sensitive to 71 (Appendix A, section 2) and

T > 40° are generally required.




Periapsis

Figure 4.- Relay Communication Link during Entry
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Figure 5.- Entry Location (Direct Mode)
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Although B and A can be varied by properly varying the
ejection maneuver characteristics, the final selection of possible
B and A depend on other system constraints. An example of a
direct mode targeting boundary map is shown in figure 7. Other
parameters entering the analysis are maximum relay communication

range, Qpp, capsule relay antenna aspect angle, aCE; fading

margin boundary, 6 posttouchdown relay link time, tT D’ and

FM’
elevation angle at touchdown aC . It is desirable to minimize
D

the communication range to minimize power requirements. A goal

of less than 5000 km is used here. The antenna aspect angle at
entry should be minimized so excessively broad antenna patterns
are not required. This is particularly true at entry where the
communication range tends to be near maximum and the signal propa-
gated toward the ground and reflected back to the orbiter receiver

can lead to multipath interference. A maximum & _ at entry of

50° is used here. The elevation mask at touchdown is 34° (orbiter
behind lander). This insures a good link at touchdown from both
an elevation mask viewpoint and capsule antenna aspect angle.
Finally, the initial posttouchdown relay link should be as long

as possible (5 to 10 min min.) to allow time for deployment of
landed science and possible transmission of a few initial pictures.

The direct mode targeting boundary shown in figure 7 shows
that a large range of B 1is acceptable for A = 